


























	 Silica‐carbon	nanoparticles	 (SCNP)	were	prepared	 from	 sonication	of	 silica	 and	anthracene.The	 size	 of	 homogenous	 nanoparticle	 is	 around	 5‐20	 nm	 confirmed	 by	 Scanning	 Electron
Microscopy	 (SEM)	 and	 Transmission	 Electron	 Microscopy	 (TEM).	 SEM	 analysis	 indicated
surface	 porosity.	 SCNP	 were	 used	 to	 remove	 lead	 ions	 (Pb(II))	 from	 aqueous	 solutions.
Adsorption	 isotherm	 of	 Pb(II)	 on	 SCNP	 was	 well	 fitted	 in	 terms	 of	 the	 Freundlich	 and
Langmuir	models.	The	maximum	adsorption	capacity	of	SCNP	for	Pb(II)	was	found	to	be	385
mg/g	 (1.86	 mmol/g)	 in	 batch	 experiment.	 Thermodynamic	 studies	 indicated	 that	 sorption
process	of	 lead	onto	SCNP	was	spontaneous	and	exothermic.	A	pseudo‐second	order	model
has	 been	 employed	 in	 order	 to	 describe	 the	 kinetic	 adsorption	 processes,	 and	 the











Silica‐Carbon	 nanoparticles	 (SCNP)	 can	 be	 defined	 as	
artificially	 composed	 structures	 with	 nanometer	 size	 (1.2‐1.4	
nm).	 Nowadays,	 they	 have	 a	 very	 wide	 range	 of	 possible	
applications	 making	 them	 valuable	 in	 electrical	 cables	 and	
wires	 [1],	 solar	 cells,	ultra‐capacitors,	medical	usage	 (e.g.:	 can	
be	 inserted	 around	 cancerous	 cells,	 then	 excited	 with	 radio	
waves,	which	causes	them	to	heat	up	and	kill	 the	surrounding	
cells),	etc.	[2].	
Although	 various	 methods	 of	 carbon	 nanoparticles	
production	were	developed	 since	1991,	 such	 as	 arc	discharge	
[3],	 laser	ablation	[4],	chemical	vapor	deposition	[5]	and	solar	
technique	 [6],	 but	 their	 synthesis	 under	 ambient	 conditions,	
without	 defects,	 and	 with	 a	 high	 yield	 percentage	 remains	 a	
great	challenge.	
An	 innovative	 sonochemical	 method	 was	 introduced	 for	
high	 purity	 SCNP	 production	 at	 atmospheric	 pressure	 and	
room	 temperature	 [7].	 It	 consists	 of	 bubbles	 cavitation	
produced	 in	 liquid	 solution	 during	 sonication.	 Local	 spots	 of	
several	 thousand	 degrees	 Celsius	 of	 temperature	 and	 several	
thousand	 atmospheres	 of	 pressure	 generated	 were	 able	 to	
produce	SCNP	and	needs	neither	 specialized	equipment	nor	 a	
multistep	purification	process	[8].	
Heavy	 metal	 ions	 in	 water	 have	 been	 a	 major	
preoccupation	for	many	years	because	of	their	toxicity	toward	
aquatic‐life,	 plants,	 animals,	 human	 beings	 and	 the	
environment.	 As	 they	 do	 not	 degrade	 biologically	 like	 some	
organic	 pollutants,	 their	 presence	 in	 water	 is	 a	 public	 health	
problem	 due	 to	 their	 absorption	 and	 therefore	 possible	
accumulation	 in	 organisms	 [9].	Water	 contaminated	 by	heavy	
metal	 ions	 had	 become	 much	 more	 serious	 with	 a	 rapid	
development	of	 industries	 and	 competitive	use	of	 fresh	water	
in	 many	 parts	 of	 the	 world.	 Therefore,	 heavy	 metal	 ions	
removal	from	water	has	become	an	important	issue	today	[10].	
Having	a	relatively	large	surface	area,	SCNP	have	attracted	
researchers’	 interest	 as	 a	 new	 type	 of	 adsorbent	 and	 offer	 an	
attractive	 option	 for	 the	 removal	 of	 organic	 and	 inorganic	
contaminants	 from	water	 such	 as	 Pb(II)	 [11],	 Cd(II)	 [12],	 and	
Cr(III)	 [13].	 In	 the	present	work,	 treatment	of	 lead	 containing	
aqueous	 solution	 by	 adsorption	 technique	 is	 addressed.	
Equilibrium	 data,	 commonly	 known	 as	 adsorption	 isotherms,	







The	 typical	 process	 of	 this	 method	 for	 SCNP	 growth	 is	
presented	 in	 Figure	 1.	 The	 strategy	 begins	 by	 preparing	 a	
solution	of	anthracene	in	toluene.	Silica	powder	and	ferrocene	
were	then	added	to	this	solution	[14].	Ferrocene	was	chosen	as	
a	 precursor	 of	 iron	 catalyst	 for	 nanotube	 growth.	 The	 carbon	
source	for	SCNP	growth	was	provided	by	toluene,	anthracene,	
as	 well	 as	 by	 ferrocene,	 while	 silica	 powder	 acted	 as	 a	
nucleation	site.	Ultrasonication	was	performed	under	ambient	
conditions	 with	 a	 power	 of	 200	 W	 for	 2	 hours.	 Finally,	 the	
resulting	 powder	 was	 collected	 on	 filter	 membrane.	 The	





Thermogravimetric‐differential	 thermal	 analysis	 (TG‐DTA)	
curves	 were	 recorded	 from	 20‐700	 °C	 on	 SETARAM	 LABSYS															 															
thermal	 analyzer	 in	 the	 flow	 of	 N2	 with	 a	 heating	 rate	 of	 3	
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°C/min.	 An	 ultrasonic	 homogenizer	 (Bandelin	 Sonopuls	 HD	




standing	 experiment.	 Atomic	 absorption	 spectrophotometer	
(Buck	 Scientific)	 was	 used	 in	 order	 to	 determine	 the	
concentration	 of	 Lead	 in	 solution.	 The	 morphology	 of	 the	
materials	 was	 examined	 using	 a	 JEOL	 JSM6700F	 Scanning	
Electron	 Microscope.	 Elemental	 analyses	 were	 carried	 out	
using	a	 linked	 ISIS300,	Oxford.	The	samples	were	coated	with	
gold	 powder	 before	 SEM	 (Scanning	 Electron	Microscopy)	 and	
EDX	 (energy	 dispersive	 X‐Ray)	 measurements.	 The	 SAED	















A	 series	 of	 batch	 experiments	were	 conducted	 to	 explore	
the	effect	of	various	 factors	such	as	 the	contact	 time,	 shaking,	












Batch	 adsorption	 experiments	were	 conducted	 in	 100	mL	
volumetric	 flasks	 by	 taking	 a	 specified	 amount	 (0.05	 g)	 of	
adsorbent	 with	 50	 mL	 of	 lead	 solution	 of	 specified	
concentration.	 The	 contents	 of	 the	 flasks	were	 shaken	 at	 160	
rpm	on	the	Shaker	Incubator	at	fixed	temperature.	At	different	
time,	 the	 concentration	 of	 lead	 remaining	 in	 solution	 was	
determined	 through	 transferring	 the	extracted	sample	 (1	mL)	
to	an	Erlenmeyer	flask	diluted,	then	analyzed	for	Pb(II).	
The	 adsorption	 capacity	 of	 SCNP	 was	 determined	 by	
material	 balance	 of	 the	 initial	 and	 equilibrium	 concentrations	






)( 0  		 	 	 	 	 (1)	
	











This	model	 assumes	 that	 the	 rate	 of	 change	 of	 the	 solute	
uptake	with	 time	 is	 directly	 proportional	 to	 the	 difference	 in	
saturation	concentration	and	 the	amount	of	 solid	uptake	with	
time	[17,18].	




dq  		 	 	 	 	 (2)	
	
where,	 qe	 and	 qt	 are	 the	 amount	 of	 lead	 adsorbed	 (mg/g)	 at	
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When	 adsorption	 is	 preceded	 by	 diffusion	 through	 a	
boundary,	 the	 kinetics	 in	 most	 cases	 follow	 the	 pseudo‐first‐











eII  		 	 	 	 	 (4)	
	
where,	KII	 is	 the	equilibrium	rate	 constant	 for	pseudo‐second‐
order	sorption	 (g/mg.min).	 Integrating	Equation	(4)	using	 the	
boundary	 conditions	 at	 t	 =	 0,	 qt	 =	 0	 and	 at	 t	 =	 t,	 q	 =	 qt	 and	
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In	 general,	 the	 lead	 sorption	 is	 governed	 by	 either	 the	
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where,	qt	 is	 the	fraction	lead	uptake	(mg/g)	at	time	t,	Ki	 is	the	
intra‐particle	 diffusion	 rate	 constant	 (mg.g‐1.min‐1/2)	 and	 I	 is	
the	intercept	(mg/g).		
If	 the	 intra‐particle	diffusion	 is	 involved	 in	 the	adsorption	
process,	 then	 the	 plot	 of	 the	 square	 root	 of	 time	 versus	 the	
uptake	would	result	 in	a	 linear	relationship.	The	plot	will	give	
Ki	 as	 slope	 and	 I	 as	 intercept.	 The	 minimum	 the	 intercept	
length,	 the	adsorption	 is	 less	controlled	by	boundary	 layer.	 In	
this	 case,	 the	 intra‐particle	 diffusion	would	 be	 the	 controlling	
step	 if	 this	 line	 passed	 through	 the	 origin.	When	 the	plots	 do	
not	pass	through	the	origin,	this	is	indicative	of	some	degree	of	






Adsorption	 properties	 and	 equilibrium	 data,	 commonly	
known	 as	 adsorption	 isotherms,	 describe	 how	 pollutants	
interact	with	sorbent	materials	and	so	are	critical	in	optimizing	




the	 two	most	 common	 types	 of	 isotherms	 are	 Freundlich	 and	
Langmuir	models,	and	Langmuir	sorption	 isotherm	is	 the	best	
known	of	all	isotherms	describing	sorption	[23,24].		
In	 the	present	work,	 equilibrium	studies	were	 carried	out	
at	 different	 temperatures	 (25,	 30,	 35	 and	 40	 °C).	 The	









The	 well‐known	 non‐linear	 and	 linear	 expressions	 of	 the	













 		 	 	 	 (8)	
	
where	Q0	and	KL	are	the	parameters,	Q0	(mg/g)	is	the	maximum	
sorbate	 uptake	 under	 the	 given	 conditions.	KL	 is	 a	 coefficient	
related	to	the	affinity	between	the	sorbent	and	sorbate	[26].	
The	 essential	 characteristics	 of	 Langmuir	 isotherm	 can	be	
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describing	 the	 sorption	 equation	 [29].	 The	 model	 applies	 to	
adsorption	 on	 heterogeneous	 surfaces	 with	 interaction	
between	 adsorbed	 molecules	 and	 the	 application	 of	 the	
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Temkin	 model	 explains	 sorbent/sorbate	 interactions	 in	




RTQ 	 K C
b
Ln ( ) 			 	 	 	 (12)	
	








a	 kinetic	 principle	 that	 adsorption	 site	 increase	 exponentially	
with	 adsorption.	KE	 is	 Elovich	 equilibrium	 constant	 and	QE	 is	
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Column	 study	 is	 a	 method	 used	 to	 develop	 a	 suitable	
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Another	 kinetic	 model	 used	 in	 the	 study	 of	 column	
adsorption	kinetics	 is	Yoon	and	Nelson	model	[33].	The	 linear	







C ‐CLn ( )
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where,	KYN	 is	Yoon	and	Nelson	rate	constant,	Ce	and	Co	are	the	
effluent	and	 inlet	solute	concentrations,	τ	 is	 the	time	required	
for	 50%	 adsorbate	 breakthrough	 (min)	 and	 t	 is	 the	






Yan	 et	 al.	 proposed	 an	 empirical	 equation	 which	 could	
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where	 Ky	 is	 the	 kinetic	 rate	 constant	 for	 Yan	 Model	 (L.min‐1.			






The	 area	 under	 the	 breakthrough	 curve	 shows	 the	 total	
adsorbed	 pollutant	 quantity	 or	 the	 total	 mass	 of	 metal	
biosorbed	 (qtotal),	 in	 mg,	 in	 the	 column	 for	 a	 given	 feed	

















rate	 (mL/min),	 respectively.	 Integrating	 the	 adsorbed	
concentration	(Cad;	mg/L)	versus	t	(min)	plot	showed	the	area	
under	 the	 breakthrough	 curve	 (A).	 The	maximum	 capacity	 of	









The	 thermal	 analysis	 study	 of	 Silica‐Carbon	 nanoparticles	
were	done	under	N2	by	heating	from	20	to	700	°C,	Figure	2.	The	
TGA	 (Thermo	 gravimetric	 analysis)	 curve	 indicated	 a	 sharp	
mass	 loss	(7.0	%)	 in	the	temperature	range	25	to	200	°C	due	to	
loss	of	hydroxyl	group	from	silica	and	crystalline	organic	solvent;	
and	a	gradual	mass	 loss	(5.0	%)	 in	 the	range	200‐700	°C	due	to	
decomposition	of	SCNP	materials.	The	DTA	(Differential	thermal	
analysis)	 curve	 indicated	 an	 exothermic	 process	 (peak)	
occurring	 at	 290	 °C	with	 an	 associated	 enthalpy	 =	 ‐11.00	 J/g.	









The	 nanoparticle	 size	 is	 around	 5‐20	 nm	 confirmed	 by	
Transmission	 Electron	 Microscopic	 analysis	 (TEM).	 The	
Scanning	Electron	Microscopic	analysis	(SEM)	indicated	surface	
porosity	 (Figure	 3),	 which	 may	 increase	 the	 adsorption	
capacity	 of	heavy	metals	present	 in	water.	Diffraction	pattern	
also	show	that	samples	are	homogeneous	nanoparticle.	Energy	














in	 adsorption	 phenomena,	 influencing	 the	 distribution	 of	 the	











b) The	 shaking	 method	 using	 the	 shaker	 incubator	 at	
different	speeds	50,	100	and	160	rpm	for	a	contact	of	
time	240	min	and	temperature	of	25	°C.	
Figure	 5	 shows	 the	 variation	 of	qe	 versus	Ce.	 Shaking	was	
found	 to	 have	 higher	 capacity	 q	 than	 standing.	 As	 the	 speed	
increases,	 the	 suspension	 becomes	 homogeneous	 due	 to	 the	
rapid	agitation.	The	film	boundary	 layer	surrounding	particles	
is	reduced	thus	increasing	the	external	film	transfer	coefficient,	
and	 hence	 the	 adsorption	 capacity.	 This	 result	 is	 surprising	
since	 the	 agitation	 speed	 can	 change	 the	 kinetics,	 not	 the	
equilibrium	 capacity.	 McKay	 [35]	 reported	 that	 the	 rate	 of	
heavy	metal	removal	was	influenced	by	the	degree	of	agitation	











The	equilibrium	 time	was	measured	 from	1	 to	168	hours.	






The	 rise	 in	 temperature	 increased	 the	 values	 of	qe	and	KI.	









The	 experimental	 data	 were	 fitted	 to	 both	 pseudo‐first‐
order	 and	 pseudo‐second‐order	 models	 respectively,	 and	 the	
parameters	 obtained	 for	 are	 presented	 in	 Table	 1.	 The	 good	
fitting	 of	 the	 models	 was	 expressed	 by	 the	 linear	 regression	
coefficients	 of	 determination	 (R2);	 a	 relatively	 high	 R2	 value	







shows	 that	 for	 a	 Pseudo‐second‐order	 sorption	 kinetics	 the	
plots	of	t/qt	versus	t	gives	a	straight	line	with	slope	of	1/qe	and	
intercept	 1/KIIqe2.	 Using	 the	 value	 of	 qe	 calculated	 from	 the	
slope,	 the	 value	 of	 KII	 is	 determined	 from	 the	 intercept.	 The	







According	 to	R2	 values	 (Table	 1)	 it	 can	 be	 concluded	 that	
the	 sorption	 process	 follows	 the	 pseudo‐second‐order	
adsorption	rate:	“If	the	intercept	value	does	not	equal	log	(qe),	
the	 reaction	 is	 not	 likely	 to	 obey	 a	 pseudo‐first‐order	 kinetic	
model”	[36].	The	values	of	R2	 indicated	that	 the	intra‐particle‐
diffusion	kinetic	model	produced	good	 results	 (Table	1)	 at	 all	
concentrations,	R2	values	for	 this	kinetic	model	were	 found	to	
be	high	 (between	0.9217	and	0.9803).	The	adsorption	system	
obeys	 the	 intra‐particle‐diffusion	 kinetic	model	 for	 the	 entire	
sorption	 period.	 Adsorption	 is	 a	 multi‐step	 process	 involving	
transport	 of	 the	 solute	molecules	 from	 the	 aqueous	 phase	 to	
the	 surface	 of	 the	 solid	 particles	 followed	 by	 diffusion	 of	 the	
solute	molecules	 into	 the	 pore	 interiors.	 The	 fitness	 of	 intra‐





b) Diffusion	of	Pb(II)	molecules	 through	 the	boundary	 layer	
to	the	surface	of	the	adsorbent	via	film	diffusion,		
c) The	transport	of	the	Pb(II)	molecules	from	the	surface	to	
the	 interior	 pores	 of	 the	 particle	 occurs	 through	 intra‐
particle	diffusion	or	pore	diffusion	mechanism,	and	
[Pb(II)]	in	ppm	 Pseudo‐first	order	models	 Pseudo‐second	order	models	 Intra‐particle	diffusion	models	
KI	±	0.002	(h‐1)	 R2	 KII	±	0.002	(g.mg‐1.h‐1) R2 Ki	±	0.01	(mg.g‐1.	h1/2)	 I	(mg.g‐1)	 R2
100	 0.398	 0.9583	 0.597 0.9873 39.31 ‐21.38	 0.9602
200	 0.552	 0.9799	 0.671 0.9889 72.25 ‐59.47	 0.9803
300	 0.559	 0.9565	 0.110 0.9958 81.36 ‐74.74	 0.9217
400	 0.624	 0.9226	 0.134 0.9933 98.32 ‐75.80	 0.9522
500	 0.664	 0.9328	 0.257 0.9970 142.48 ‐105.30	 0.9533
600	 0.771	 0.9267	 0.277 0.9953 165.20 ‐167.35	 0.9459





Model,	parameters	and	error	 T	=	25	°C	 T	=	30	°C T	=	35	°C T	=	40	°C
Non	Linear	 Linear Non	Linear Linear Non	Linear Linear	 Non	Linear	 Linear
Langmuir		 	 	 	 	 	 	 	 	
Q0	 384.63	 384.62 301.63 294.12 266.77 270.27	 246.66	 263.16
KL	 0.0018	 0.0018	 0.0038	 0.0040	 0.0072	 0.0072	 0.0150	 0.0120	
R2	 0.9984	 0.9889	 0.9924	 0.9859	 0.9859	 0.9859	 0.9799	 0.9795	
Freundlich	 	 	 	
nF	 1.43	 1.36 1.92 1.78 2.65 2.33	 3.20	 3.10
KF	 2.13	 2.02	 6.95	 6.46	 15.99	 15.58	 33.94	 31.86	
R2	 0.9941	 0.9928 0.9981 0.9977 0.9996 0.9966	 0.9911	 0.9876
Temkin		 	 	 	
BT		 75.31	 74.12 67.90 66.61 61.45 58.53	 53.14	 49.49
KT		 0.040	 0.022 0.041 0.037 0.081 0.072	 0.260	 0.190
R2	 0.9910	 0.9880	 0.9840	 0.9820	 0.9810	 0.9720	 0.9731	 0.9539	
Elovich		 	 	 	
Q	 0.0043	 0.0036 0.0071 0.0065 0.0100 0.0094	 0.0140	 0.0130
KE	 206.45	 204.29 234.25 229.17 356.34 353.20	 405.35	 402.00








that	 the	 transport	 of	 adsorbate	 from	 solution	 into	 the	 pores	
(bulk)	 of	 the	 adsorbent	 is	 the	 rate	 controlling	 step.	 This	
possibility	 was	 tested	 in	 terms	 of	 a	 graphical	 relationship	
between	the	amount	of	Pb(II)	adsorbed	and	the	square	root	of	
time.	 qt	 was	 plotted	 against	 t1/2	 for	 different	 initial	 Pb(II)	
concentrations	 (Table	 1).	 It	 was	 found	 that	 for	 all	 the	 four	





The	 values	 of	 regression	 coefficient	 for	 all	 the	 six	
concentrations	of	SCNP	confirm	that,	 the	sorption	kinetics	can	





The	 distribution	 of	 Pb(II)	 between	 the	 adsorbent	 and	 the	
solution	 at	 equilibrium	 has	 been	 expressed	 using	 various	
equations.	 Two	widely	 used	 forms	 are	 the	 Langmuir	 and	 the	
Freundlich	 isotherms.	 The	 sorption	 data	 were	 analyzed	
according	 to	 the	 linear	 and	 non‐linear	 form	 of	 Langmuir	
isotherm	 Equation	 (7)	 and	 (8).	 The	 Langmuir	 constants	 are	
reported	in	Table	2.	The	isotherm	was	found	to	be	linear	over	
the	 entire	 concentration	 range	 studied	 with	 a	 good	 linear	





active	 sites	 on	 the	 material,	 since	 the	 Langmuir	 equation	
assumes	that	the	surface	is	homogenous.	
Langmuir‐type	 adsorption	 process	 can	 be	 classified	 by	 a	
dimensionless	 constant	 separation	 factor	 (RL),	 given	 by	
Equation	 (9).	 It	was	observed	 that	 the	value	of	RL	 is	 closer	 to	
1.00	confirms	a	favorable	linear	uptake.		
Examination	of	 the	 linear	Freundlich	 isotherm	plot	 Figure	
7,	indicated	that	the	Freundlich	model	yielded	a	better	fit	than	
the	 Langmuir	 model,	 and	 that	 sorption	 occurs	 on	
heterogeneous	 surfaces.	 Table	 2	 shows	 the	 Freundlich	
constants,	KF	and	nF,	and	R2	for	both	linear	and	nonlinear	forms.	
The	 value	 of	R2	was	 higher	 than	 the	 corresponding	 Langmuir	
isotherm	R2	 values.	 The	 value	 of	 Freundlich	 exponent	nF	 is	 in	
the	range	1‐3	(Table	2),	which	indicates	favorable	adsorption.		
In	 the	 case	of	Temkin	model	 and	Elovich	model	 (Table	2)	
the	 deduced	 constants	 for	 linear	 and	 nonlinear	 models	 show	
greater	difference,	with	lower	R2	values.	This	implies	that	these	
two	models	 are	 not	 applicable	 to	 this	 study,	 and	 the	 sorption	
mechanism	does	not	 involve	a	multilayer	 adsorption	and	 that	
the	adsorption	sites	do	not	increase	exponentially.	Overall,	the	





3,	 [24,37]	 by	 calculating	 the	 error	 deviation	 between	
experimental	 and	 predicted	 equilibrium	 adsorption	 data,	 for	













The	 adsorption	 equilibrium	 constant	Kd	which	 is	 equal	 to	
Cs/Ce	has	been	calculated.	Using	the	Van’t	Hoff	Equation	Ln	Kd	
versus	 1/T	 was	 plotted,	 Figure	 8.	 The	 enthalpy	 ΔH°	 and	
entropy,	 ΔS°	 values	 were	 calculated	 from	 the	 slope	 and	
intercept,	 respectively.	 The	 results	 are	 shown	 in	Table	 4.	 The	
values	of	ΔG°	being	equal	to	ΔH°	‐	TΔS°	were	also	calculated.	
In	 the	 present	 study,	H°	was	 found	 to	 be	 negative	 in	 all	
concentrations	of	 lead	 indicating	 that	 the	 interaction	between	









R2	 F(x)	 ARED	 MPSED	 HYBRID	 2	 SSE	 RMSE	 r	 r2	
Langmuir		 	 	 	 	
T	=	25	°C	 0.9991	 6.35x10‐8	 0.0141765 1.993680 2.1264890 1.37x10‐5 1.27x10‐7 2.11x10‐8	 0.99953	 0.999059
T	=	30	°C	 0.9991	 3.07	x10‐7	 0.0346021 4.865749 5.1903231 7.67x10‐5 6.14x10‐7 1.02x10‐7	 0.994991	 0.990007
T	=	35	°C	 0.9604	 6.42x10‐7	 0.0601279	 8.338383	 9.0191889	 0.000188	 1.28x10‐6	 2.14x10‐7	 0.979979	 0.960358	
T	=	40	°C	 0.9067	 8.94x10‐7	 0.0842390	 11.53083	 12.635850	 0.0003	 1.79x10‐6	 2.99x10‐7	 0.95219	 0.906665	
Freundlich		 	 	 	 	
T	=	25	°C	 0.9928	 0.003599	 0.006466	 0.920017 0.969893 0.001549 0.007198 0.0012	 0.996408	 0.99283
T	=	30	°C	 0.9977	 0.00082	 0.00298	 0.404578 0.447024 0.000328 0.00164 0.00027	 0.998847	 0.997695
T	=	35	°C	 0.9966	 0.000906	 0.003036	 0.434191	 0.455333	 0.000368	 0.001812	 0.00030	 0.998304	 0.996611	
T	=	40	°C	 0.9876	 0.002588	 0.005349	 0.72495	 0.802307	 0.001039	 0.005176	 0.00086	 0.993791	 0.98762	
Temkin		 	 	 	 	
T	=	25	°C	 0.988	 61.36155	 0.044368	 7.139272 6.655227 1.504854 122.7231 20.4538	 0.993974	 0.987985
T	=	30	°C	 0.982	 91.95516	 0.044325	 6.91669 6.648681 1.805941 183.9103 30.6517	 0.990956	 0.981995
T	=	35	°C	 0.972	 142.9453	 0.047267	 7.133717 7.090033 2.335133 285.8906 47.6484	 0.985906	 0.97201
T	=	40	°C	 0.9539	 235.224	 0.053252	 7.775615	 7.987807	 3.266603	 470.4479	 78.4079	 0.976699	 0.953942	
Elovich	 	 	 	 	
T	=	25	°C	 0.9652	 68.92243	 ‐5.9388	 745.4096 ‐890.82 ‐23.1482 137.8449 22.9741	 0.982467	 0.965242
T	=	30	°C	 0.9798	 98.38275	 ‐	 ‐ ‐ ‐30.4281 196.7655 32.7942	 0.989862	 0.979827
T	=	35	°C	 0.9618	 136.8868	 1.764799	 4114.166 264.7199 ‐38.5463 273.7735 45.6289	 0.980708	 0.961788









298	K 303	K	 308	K	 313	K
100	 1.033	 ‐82.76 273.27 ‐81.50 ‐82.88	 ‐84.25 ‐85.62
200	 1.018	 ‐45.20 146.77 ‐43.78 ‐44.52	 ‐45.25 ‐45.98
300	 1.014	 ‐35.80 114.39 ‐34.12 ‐34.70	 ‐35.27 ‐35.84
400	 1.010	 ‐26.49 82.63 ‐24.65 ‐25.06	 ‐25.48 ‐25.89
Average	 1.019	 ‐47.56	 154.26	 ‐46.02	 ‐46.79	 ‐47.56	 ‐48.33	
	
	
The	 positive	 value	 of	 ∆S°	 suggested	 an	 increase	 in	
randomness	 at	 the	 solid‐solution	 interface	 during	 the	










The	 values	 of	 activation	 thermodynamic	 parameters	 Ea,	
ΔH≠,	 ΔS≠	 and	 ΔG≠	 values	 for	 Pb(II)	 removal	 by	 SCNP	 are	
reported	in	Table	5	using	the	Van’t	Hoff	Equation	and	plotting	
Ln	 KII	 versus	 1/T,	 Figure	 9;	 or	 Using	 Eyring	 equation	 and	
plotting	 Ln	 KII/T	 versus	 1/T,	 Figure	 10,	 where	KII	 is	 the	 rate	
constant	 for	 pseudo‐second	 order	 kinetic.	 The	 enthalpy	 and	







(20	 cm	 length	 x	 1	 cm	 diameter)	 down	 flow	 technique	 (Flow	
rate	 2	ml/min),	 0.5	 g	 of	 SCNP	was	 transferred	 into	 the	 glass	
column.	 Glass	was	 kept	 at	 the	 bottom	 of	 the	 column	 to	 avoid	
the	loss	of	adsorbent	with	the	liquid	flow.	The	Pb(II)	solution	of	
500	mg/L	 initial	 concentration	 was	 fed	 into	 the	 column	 at	 a	
flow	rate	of	2	mL/min	and	definite	volumes	of	the	effluent	were	
collected.	 The	 amount	 of	 lead	 retained	 by	 the	 adsorbent	was	
then	determined.	
A	breakthrough	graph	was	plotted	for	C/C0	versus	volume	
V	 (mL)	 of	 solution	 eluted.	 The	maximum	 volume	 that	 can	 be	
treated	 was	 found	 to	 be	 about	 200	 mL,	 Figure	 11.	 The	
percentage	 of	 Pb(II)	 removal	 was	 also	 plotted	 against	 the	
volume	V	(mL)	for	the	three	different	cycles.	It	was	found	that	
after	cycle	number	3	 the	column	efficiency	 is	greatly	 reduced.	
The	 amount	 of	 Pb(II)	 adsorbed	 qt	 (mg/g)	 as	 a	 function	 of	 V	
(mL)	 of	 Pb(II)	 added	 was	 calculated	 for	 three	 different	

























298	 0.034	 142.13	 139.65	 139591.4	 ‐20.58	 81.10	
303	 0.108	 142.13	 139.61	 139591.4	 ‐20.92	 80.12	
308	 0.260	 142.13	 139.57	 139591.4	 ‐21.27	 79.13	





Thomas		 Kth	(mL.(mg.min)‐1)	 qT	(mg.g‐1) R2 Kth	(mL.(mg.min)‐1) qT	(mg.g‐1)	 R2
0.0646	 118.56 0.665 0.067 119.62	 0.701
Yoon‐Nelson	 kYN	(min‐1)	 τYN	(min) R2 kYN	(min‐1) τYN	(min)	 R2
0.0320	 59.27	 0.665	 0.033	 59.88	 0.735	
Yan's	 kY	(mL.mg‐1.min‐1)	 qY	(mg.g‐1) R2 kY	(mL.mg‐1.min‐1) qY	(mg.g‐1)	 R2



















Thomas,	 Yoon	 nelson	 and	 Yan	 models	 were	 applied	
according	 to	 the	 equations	 16,	 17	 and	 18;	 the	 results	 are	
presented	in	Table	6,	where	the	maximum	capacity	and	the	rate	
constant	 for	each	model	are	 tabulated,	Table	6.	Application	of	
Yoon	Nelson	model	 indicated	 that	 τ	 the	 half	 life	 of	 adsorbate	
breakthrough	 is	 equal	 to	 59.88	min	 (non	 linear	 approach).	 A	
comparison	of	 the	 three	 correlation	 coefficients	 (R2)	 indicates	
that	 Yan	 et	 al.	model	 fits	 best	 the	 experimental	 breakthrough	
curves,	 with	 R2	 equal	 to	 0.937,	 with	 qy	 =130.66	 mg/g	 (0.63	
mmol/g),	Figure	12.	
Qmax	 was	 also	 calculated	 using	 the	 integration	 method	
Equation	 (19)	 and	 the	 plot	 of	 Concentration	 of	 lead	 (mg/L)	









Despite	 the	 promising	 achievements	 and	 plausible	
prospects	 of	 carbon	 nanostructures,	 problems	 are	 associated	
with	 their	production	 in	 large	scales,	without	any	defects,	and	
in	short	 time.	Therefore	 their	 sonochemical	production	 is	one	
of	the	newly	promising	methods	under	ambient	conditions.	The	
equilibrium	data	were	well	fitted	in	terms	of	the	Freundlich	and	
Langmuir	 adsorption	 isotherm	 models.	 The	 maximum	
adsorption	capacity	was	relatively	higher	than	other	adsorbent	
material	 (Table	 7)	 [38‐42]	 and	 found	 to	 be	 385	 mg/g	 (1.86	
mmol/g).	The	thermodynamic	parameters	have	been	obtained,	














The	 kinetic	 adsorption	 processes	 were	 described	 by	 a	
pseudo‐second	 order	 model.	 Column	 studies	 also	 proved	 the	
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